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Among t h e  advantages of cont inuous TV coverage w e  
have inc reased  TV d u r a t i o n ,  increased  l u r a i n  coverage and 
real-time de termina t ion  of t h e  Rover t r a c k .  O f  cou r se ,  it 
i s  understood t h a t  image motion and j i t t e r  due t o  movement 
of t h e  u n s t a b i l i z e d  TV camera may l i m i t  i t s  use fu lness .  The 
disadvantages inc lude  increased  e lectr ical  power consumption 
and a requirement t o  gimbal mount and steer t h e  high ga in  
antenna. Most of t h i s  memorandum is  devoted t o  t h i s  l as t  
p o i n t .  

I t  i s  concluded t h a t  manual s t e e r i n g  by an e a r t h -  
based t e l e o p e r a t o r  i s  n o t  p o s s i b l e  due t o  t h e  3 second t i m e  
de l ay ,  and t h a t  a monopulse t r ack ing  scheme would be a major 
redes ign .  Gyroscope s t a b i l i z a t i o n  cannot be r u l e d  o u t  bu t  
it appears  t o  have many problems. 
recommended because it converts Rover dynamics i n t o  p o i n t i n g  
errors, b u t  a novel  use of an  e l e c t r i c a l l y  locked pendulum 
t o  account f o r  gene ra l  l u r a i n  s l o p e s  i s  po in ted  o u t .  

two gimbal system wi th  an earth senso r  o p e r a t i n g  i n  t h e  
v i s i b l e  spectrum. I t  o f f e r s  t h e  p o s s i b i l i t y  of t r u l y  con- 
t inuous  coverage, minimum as t ronau t  i n t e r f a c e  and el imina-  
t i o n  of t h e  o p t i c a l  s i g h t  and omni antenna system. 

A pendulum system is  not  

The system t h a t  appears t o  have m o s t  promise i s  a 
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I. INTRODUCTION 

This memorandum desc r ibes  s o m e  of t h e  gene ra l  
cons ide ra t ions  which w e  uncovered i n  s tudying  t h e  cont inuous 
TV problem over  t h e  l a s t  several months. I t  i s  t h e  pa th  w e  
took i n  dec id ing  t o  examine t h e  e a r t h  senso r  approach i n  some 
d e t a i l .  The t r ade -o f f s  w e  made should n o t  be considered as 
d e f i n i t i v e  and c e r t a i n l y  new information i s  a v a i l a b l e  from 
t h e  now accomplished Apollo 15 mission.  
t h i s  p re l iminary  i n v e s t i g a t i o n  of t h e  problem because it may 
be of  some he lp  t o  t h e  people who are now a c t i v e l y  engaged 
i n  d e r i v i n g  a s o l u t i o n  t o  t h e  problem. 

W e  decided t o  pub l i sh  

11. THE PROBLEM 

The Apollo t e l e v i s i o n  camera i s  mounted on t h e  f r o n t  
of  t h e  Lunar Roving V e h i c l e  (LRV) i n  a se t  of gimbals which 
a l l o w  azimuth angles  f r o m  +170° t o  -170' and e l e v a t i o n  angles  
f r o m  +85' t o  -45'. The po in t ing  of the camera, as w e l l  as i t s  
focus ,  i s  under ear th-based c o n t r o l  v ia  t h e  Ground Cont ro l  
Te lev i s ion  Assembly (GCTA) . When t h e  LRV i s  s t a t i o n a r y ,  t h e  
TV p i c t u r e  can be rece ived  on  t h e  e a r t h  i f  an a s t r o n a u t  
(manually) p o i n t s  t h e  High Gain Antenna (HGA) towards t h e  e a r t h ;  

he uses  an o p t i c a i  s i g h t  t o  p o s i t i o n  t h e  2' image of the e a r t h  
w i t h i n  t h e  52.5' HGA beamwidth (1 dB p o i n t s ) .  

The p r e s e n t  s i t u a t i o n  of r e c e i v i n g  t h e  TV p i c t u r e  
on ly  w h i l e  t h e  LRV i s  s t a t i o n a r y  has  s e v e r a l  d i sadvantages .  
I n  examining t h e  pros  and cons of continuous TV coverage, w e  
w i l l  use  as t y p i c a l  t h e  parameters of r e c e n t  p lanning  of the 
Apollo 15  LRV t r a v e r s e s .  
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111. THE CASE FOR CONTINUOUS TV COVERAGE 

A. Increased  TV Duration 

An analys is '  of t h e  t h r e e  Apollo 15 t r a v e r s e s  shows 
approximately 8 hours of s t a t i o n  t i m e  t o  4 hours of LRV move- 
ment. Thus, continuous coverage would g ive  a 50 pe rcen t  
i n c r e a s e  i n  TV t i m e .  

B.  Increased  Lurain Coverage 

With some 14 sc ience  s t o p s  i n  t h e  t o t a l  t r a v e r s e d  
d i s t a n c e  of 36 k m ,  only 1 0  pe rcen t  of t h e  l u r a i n  a r e a  w i t h i n  
1 2 5  m of t h e  t r a v e r s e  locus would be seen (and recorded)  on 
the  e a r t h  wi thout  continuous TV coverage. 

C. Var iab le  Aspect of Lunar Formations 

To t h e  e x t e n t  t h a t  there is s c i e n t i f i c  value i n  t h e  
TV coverage i t s e l f ,  as d i s t i n c t  from i t s  mapping func t ion  t o  
locate the  several sc i ence  s i t e s ,  t h e  panoramas a t  t h e  si tes 
have t h e  disadvantage of a s i n g l e  l o c a t i o n  of  t h e  TV camera. 
Panoramas made f r o m  s e v e r a l  p o i n t s  along the t r a v e r s e  would 
enhance the  e s t ima t ion  of the s i z e ,  shape,  d i s t a n c e ,  and rela- 
t i v e  o r i e n t a t i o n  of t h e  l u n a r  fo rma t ions .  

D. R e a l - T i m e  Determination of t h e  LRV Track 

With t h e  p r e s e n t  s i t u a t i o n ,  t h e  ear th-based s c i e n t i s t s  
can determine i f  t h e  planned sc ience  s i t e  has  been reached only 
a f t e r  t h e  LRV i s  stopped, t h e  a s t r o n a u t  has poin ted  t h e  antenna 
towards t h e  e a r t h ,  and a TV panorama has been received.  W i t h  
continuous TV coverage, t h e  earth-based s c i e n t i s t s  would have 
an oppor tuni ty  t o  t rack  t h e  LRV du r ing  t h e  t r a v e r s e  t o  confirm 
t h e  a r r i v a l  a t  t he  planned sc ience  s i t e  or t o  redirect t h e  
a s t r o n a u t s ,  i f  necessary ,  v i a  t h e  continuous voice l i n k .  

E.  Improved P R  P o t e n t i a l  

While t h e  8 hours of coverage a t  t h e  sc i ence  s i tes  
w i l l  con ta in  c e r t a i n  h i g h l i g h t s ,  ( fo r  example, t h e  i n i t i a l  
panorama a t  each s i t e  and some of t h e  more e n e r g e t i c  a s t r o n a u t  
movements) t h e  bulk of  t h e  t i m e  s p e n t  i n  c o l l e c t i n g  and docu- 
menting samples,  and checking and a l i g n i n g  the  LRV systems may 
prove t o  be bo r ing  t o  a general  audience.  Coverage du r ing  t h e  
traverse, however, would have the advantage of an ever-changing 
scene. Fu r the r ,  such " l i v e "  coverage may p r e s e n t  t h e  viewer 
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w i t h  t h e  s e n s a t i o n  of a c t u a l l y  r i d i n g  t h e  LRV on t h e  moon, t h e  
b e s t  example of t h i s  w a s  t h e  r o l l e r  c o a s t e r  scene i n  t h e  f irst  
Cinerama movie. 
t h e s e  p o i n t s  may prove t o  be nega t ive ,  as d i scussed  i n  t h e  
n e x t  s e c t i o n .  

I t  should be mentioned d i r e c t l y  t h a t  bo th  o f  

I V .  THE CASE AGAINST CONTINUOUS TV COVERAGE 

A. Imaqe Motion and J i t t e r  

By image motion w e  mean r a p i d  changes of  the f i e l d  
of view caused, mainly,  by t h e  LRV a t t i t u d e  changes. While 
each frame might be a c l e a r  image of t h e  scene ,  r a p i d  sequences 
of frames which have very l i t t l e  over lap  due t o  t h e  changes i n  
t h e  camera p o i n t i n g  angle  w i l l  be uncomfortable and d i s o r i e n t i n g  
t o  t h e  viewer. By image j i t t e r  w e  mean t h e  s m a l l  b u t  r a p i d  
changes i n  t h e  camera p o s i t i o n  caused, mainly,  by t h e  t r a n s l a -  
t i o n a l  changes of t h e  LRV chass i s .  While t h e  f i e l d  of view 
might remain cons t an t ,  t h e  small-amplitude motion of t h e  image 
w i l l  t end  t o  smear the c o n t r a s t  l e v e l s  w i t h i n  t h e  image: t h i s  
w i l l  t end  t o  b l u r  t h e  s m a l l  d e t a i l  and sha rp  o u t l i n e s .  
viewer w i l l  have t h e  impression t h a t  t h e  image is  o u t  of focus.  

The 

Both of these problems of image motion and j i t t e r  
raise ques t ions  about t h e  P R  p o t e n t i a l  of  cont inuous TV coverage; 
i n  f ac t ,  they could prove s e r i o u s  enough t o  negate  t h e  o ther  
advantages of continuous coverage. Therefore ,  a l a te r  s e c t i o n  
of t h i s  r e p o r t  w i l l  d i s c u s s  t h e  p o s s i b i l i t i e s  of an e a r l y  
e v a l u a t i o n  of t hese  t w o  problems. 

B. Gyro-Stab i l iza t ion  and Shock Mounting 

The image motion problem could be so lved  by mounting 
t h e  TV camera on a gy ro - s t ab i l i zed  p la t form,  and t h e  image 
j i t t e r  problem could be solved by t h e  proper  shock mounting 
of t h i s  platform.  The weight,  development t i m e  and expense 
problems a s soc ia t ed  wi th  t h i s  approach exclude it from any 
f u r t h e r  cons ide ra t ion  he re in .  

C.  R e a l - T i m e  Mission Planninq 

I n  the real-time determinat ion o f  t h e  LRV t rack,  as 
d i scussed  i n  s e c t i o n  I I I . D ,  t h e r e  w i l l  be a tempta t ion  t o  
r e q u e s t  dev ia t ions  from t h e  pre-planned t r a v e r s e  t o  t a k e  
advantage of unexpected i t e m s  of i n t e r e s t  o r  t o  improve upon 
a poor choice of s c i ence  s i t e s .  
much o f  t h e  pre-mission planning,  t ime-l ine ana lyses  and 
consumables allocations.  

T h i s  would t end  t o  nega te  
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D. Electr ical  Power Consumption 

The power consumption of t h e  Lunar Communication 
Relay Unit  (LCRU) goes from 60 w t o  9 0  w du r ing  TV t r a n s -  
mission,  and t h e  LCRU power budget i s  completely allocated 
However, t h e r e  i s  a power connection t o  t h e  LRV power supply.  
The Apollo 15  p l an  c a l l e d  f o r  t h e  use of LRV power t o  t h e  
LCRU f o r  LM ascen t  TV coverage, which occurred a f t e r  t h e  
LRV mission w a s  completed. It would have t o  be determined 
i f  an ear l ie r  ope ra t ion  of t h i s  power in t e rconnec t  would be 
compatible w i t h  normal opera t ion  of a l l  t h e  LRV systems. 

E. Reception of TV Transmission 

I t  appears t h a t  TV coverage dur ing  LRV motion 
r e q u i r e s  a steerable high gain antenna t o  p o s i t i o n  i t s  
22.5O beamwidth towards t h e  2 O  e a r t h  image. 
a l ternates  t o  this requirement,  t h i s  r e p o r t  w i l l  examine 
i n  some d e t a i l  t h e  problems a s soc ia t ed  w i t h  a steerable 
antenna. 

A f t e r  examining 

V. EVALUATION OF IMAGE QUALITY 

A s  mentioned previous ly ,  t h e  degrada t ion  of t h e  
TV image due t o  motion and j i t t e r  should be eva lua ted .  
E i t h e r  o r  both of  t h e  fol lowing sugges t ions  may be u s e f u l  
i n  t h i s  eva lua t ion .  

A. Earth-Based LRV Experiment 

The observa t ions  of images genera ted  by a TV camera 
mounted on an ear th-based vehicle would g ive  some i n s i g h t  i n t o  
the ' image  degrada t ion  problem. O f  course ,  t h i s  t e s t  would be 
more p e r t i n e n t  t h e  c l o s e r  t h e  v e h i c l e  s imula t e s  t h e  LRV 
dynamics and t h e  closer t h e  t e r r a i n  s imula t e s  t h e  l u n a r  s u r f a c e .  
But t h e  tes t  should not  be defer red  t o  get t h e  best p o s s i b l e  
v e h i c l e  on t h e  b e s t  p o s s i b l e  t e r r a in .  The r e s u l t s  from almost 
any k ind  of a t e s t  would be use fu l  t o  scope t h e  problem. 

- 

B. Apollo 15  Motion P i c t u r e s  

T h e  f i v e  minute sequence of motion p i c t u r e s  taken  
from t h e  moving LRV w a s  very impressive,  b u t  it may tend  t o  
over  s e l l  continuous TV, which w i l l  n o t  be as good. Besides  
the r e s o l u t i o n  and c o n t r a s t  advantages,  t h e  movie camera has  
a r a p i d  s h u t t e r  speed r e l a t i v e  t o  i t s  frame rate.  T h i s  g ives  
a sha rp  image f o r  each frame wi th  t h e  LRV motion only showing 
up frame by frame; i n  t h e  terminology of s e c t i o n  I V . A ,  w e  
would say  t h a t  t h e  motion p i c t u r e  con ta ins  t h e  expected image 
motion ( f o r  t h e  p a r t i c u l a r  l u r a i n  sample t r a v e r s e d ) ,  b u t  it 
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does n o t  con ta in  t h e  image j i t t e r  as would be seen on t h e  
c o n t i n u a l l y  scanned TV image. Perhaps t h e  image motion of  
t h i s  sequence could be appl ied  t o  a TV camera which i s  
viewing an equ iva len t  scene, f o r  example, an en la rged  p r i n t  
of a frame taken from t h e  motion p i c t u r e  sequence, t o  
determine t h e  degrada t ion  caused by image j i t t e r .  T h i s  may 
seem l i k e  a t ed ious  approach and t h e  Apollo 15 sample a v a i l -  
able t o  us may no t  be t y p i c a l ,  b u t  it should be noted t h a t  
t h i s  i s  a sample taken from an a c t u a l  LRV ope ra t ed  i n  t h e  
l u n a r  environment. 

V I .  I S  A STEERABLE ANTENNA REALLY NECESSARY 

The narrow beamwidth of t h e  high ga in  antenna 
r e q u i r e s  s t e e r a b i l i t y  du r ing  LRV motion, b u t  l e t  us f i r s t  
examine i f  t h e  use of t h i s  antenna can be avoided. There 
are t w o  p o s s i b i l i t i e s  involv ing  the use of t h e  omni o r  l o w  
ga in  antenna: one i s  d i r e c t  u s e  of t h e  omni and t h e  o ther  
i s  use of t h e  LM as a r e l a y .  

A. Direct U s e  of Omni Antenna 

The omni antenna has a beamwidth o f ,  s a y ,  ?30°, 
which is  adequate t o  handle  a l l  reasonable  LRV a t t i t u d e  
angles .  I t  would be necessary t o  p o i n t  t h e  omni gene ra l ly  
towards t h e  e a r t h  a t  t h e  s ta r t  of t h e  t r a v e r s e  and then 
proceed wi thout  f u r t h e r  concern. The problem, however, i s  
s i g n a l  power. The gain of t h e  omni a t  t h e  30' p o i n t s  i s  
+6 d B  which i s  15 d B  down from t h e  + 2 1  d B  ga in  of t h e  high 
ga in  antenna. Even us ing  the 2 1 0 '  d i s h  a t  Goldstone* i n s t e a d  
of the  85' d i s h  recovers  only 8 d B .  There i s  s t i l l  a loss 
of 7 d B  and t h e  c u r r e n t  c i r c u i t  margins a r e  inadequate  f o r  
ope ra t ion  a t  this l e v e l .  

B. U s e  of Omni Antenna wi th  LM Relay 

The Lunar Module (LM) has adequate t r a n s m i t t e d  
power for  TV r ecep t ion  on t h e  e a r t h  and i t s  proximity t o  t h e  
LRV would overcome t h e  l o w  power levels of t h e  omni antenna. 
But there are three problems a s s o c i a t e d  w i t h  t h i s  approach. 
F i r s t ,  there i s  t h e  l ine-of -s ight  between t h e  LM and LRV, 
b u t  some coverage would be a v a i l a b l e .  For example, on a t  
l ea s t  one of t h e  t h r e e  traverses of t h e  Apollo 15 mission 
about  50 p e r c e n t  of  t h e  t r a v e r s e  i s  wi th in  t h e  v i s u a l  
coverage from the  LM. Second, t h e r e  is t h e  l u r a i n  reflec- 
t i o n  problem; t h i s  i s  d i f f i c u l t  t o  e v a l u a t e  as t h e  mul t ip l e  

*Reference 2 examines t h e  2 1 0 '  coverage f o r  Apollo 1 6 .  
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pa th  r e f l e c t i o n s  may cause complete degrada t ion  of t h e  TV 
image. Thi rd ,  there i s  t h e  frequency i n c o m p a t i b i l i t y  as 
l i s ted  i n  t h e  t a b l e  below. The 2265.5 mHz LCRU t r a n s m i t t e r  
frequency cannot be rece ived  by t h e  2101.8 mHz LM r e c e i v e r .  
I t  i s  f o r  t h i s  reason t h a t  t h i s  approach w a s  no t  suggested 
even on an experimental  basis.  

TABLE I 

S BAND FREQUENCIES (mHz) 

Uplink Downlink 

LM 2101.8 2282.5 

LCRU 2101.8 2265.5 

V I I .  STEERING THE H I G H  G A I N  ANTENNA 

W e  t h e r e f o r e  accep t  t h e  requirement t h a t  t h e  h igh  
gain antenna must be steerable. Of cour se ,  t h e  p r e s e n t  
conf igu ra t ion  i s  manually s t e e r a b l e  through a b a l l  j o i n t  w i t h  
t h e  a s t r o n a u t  applying t h e  tu rn ing  torque  v i a  a boom handle.  
But w e  need a technique f o r  a u t o m a t i c  and continuous s t e e r i n g  
of t h e  antenna dur ing  t h e  LRV traverse. 
themselves : l i n e a r  a c t u a t o r s  and gimbal r i n g s .  

Two approachs p r e s e n t  

A. Linear  Actuators  

The p o s s i b i l i t y  of us ing  the  e x i s t i n g  b a l l  j o i n t  
and minimizing the  swiveled mass make l i n e a r  a c t u a t o r s  a t t rac-  
t i v e ,  b u t  t w o  problems preclude t h i s  approach. The l a r g e  
a t t i t u d e  angles  p o s s i b l e  w i t h  t he  LRV, say f30° i n  two axes, 
would l e a d  t o  a l a r g e  r a t i o  of maximum t o  minimum length  of 
t h e  l i n e a r  a c t u a t o r s .  Also there are no of f - the-she l f  l i n e a r  
a c t u a t o r s  i n  t h i s  class of small  s i z e ,  l i g h t  w e i g h t  and r a p i d  
response;  indeed, they would p r e s e n t  q u i t e  a development 
e f for t .  

B. G i m b a l  Rinqs 

While t h e  use of gimbal r i n g s  w i l l  i n c r e a s e  t h e  
swiveled m a s s ,  they r ep resen t  proven technology. The s i z e  
and s t r e n g t h  of t h e  gimbals can be designed t o  t h e  s p e c i f i c  
antenna requirements ,  and t h e  to rqu ing  motors are a v a i l a b l e  
i n  many s i z e s  and types.  I t  should be noted t h a t  w h i l e  there 
are three LRV a t t i t u d e  angles ,  t w o  gimbals w i l l  s u f f i c e  i f  
t hey  correct for  t h e  LRV p i t c h  and r o l l  a t t i t u d e ;  t h e  t h i r d  
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ang le ,  t h e  a t t i t u d e  of  t h e  antenna about i t s  own ax is ,  does 
n o t  need t o  be c o n t r o l l e d .  Some p o i n t i n g  systems, such as 
azimuth and e l e v a t i o n ,  could r equ i r e  t h r e e  gimbals. 

I n  t r a c k i n g  t h e  e a r t h ,  it should be noted  t h a t  it 
T h a t  i s ,  is  the  LRV chassis which i s  moving no t  t h e  e a r t h .  

t h e  antenna would remain pointed toward t h e  e a r t h  i f  it could 
be i s o l a t e d  from c h a s s i s  movement. LRV a t t i t u d e  d i s tu rbances  
could be reduced by l o w  f r i c t i o n  bea r ings  i n  t h e  gimbal system. 
T o  reduce t h e  e f f e c t s  of t r a n s l a t i o n a l  motions,  however, t h e  
c.g. of t h e  swiveled m a s s  would have t o  be a t  t h e  c e n t e r  of 
t h e  gimbal system. This balanced antenna system would add 
weight  t o  t h e  system, e i t h e r  by r e q u i r i n g  l a r g e  gimbals t o  
c e n t r a l l y  suppor t  t h e  p r e s e n t  antenna,  or by t h e  a d d i t i o n  of 
a counter  weight t o  balance t h e  antenna o f f s e t  from t h e  p r e s e n t  
gimbal p o i n t  ( b a l l  j o i n t ) .  The weight impact of  t h i s  approach 
could  be reduced by us ing  a s  a counter  weight some i t e m  a l r eady  
carried t o  t h e  moon, e .g . ,  a b a t t e r y  o r  a t oo l ,  or by use of 
something a l ready  there, e.g., l u n a r  s o i l .  

The a l t e r n a t i v e  approach t o  a balanced antenna 
system would have t o  counterac t  a l l  t h e  LRV a c c e l e r a t i o n s  
a p p l i e d  t o  t h e  o f f s e t  c.g.  of  t h e  swiveled m a s s .  However, t h i s  
approach would al low t h e  use of such i t e m s  as s t epp ing  motors 
and se l f - lock ing  gear  t r a i n s .  The e lec t r ica l  loads  would be 
l a r g e l y  t r a n s i e n t  wi th  a l o w  duty cycle (dur ing  s t e p s )  and 
t h e  system could be completely turned  of f  w h i l e  t h e  LRV is  
s t a t i o n a r y .  

The trade-off between balanced and unbalanced gimbal 
systems should be examined i n  g r e a t  d e t a i l  and t h e  choice may 
be determined by de t a i l s  of t h e  hardware conf igu ra t ions .  

V I I I .  P O I N T I N G  THE H I G H  GAIN ANTENNA 

W e  now examine t h e  problem of  p o i n t i n g  the  steerable 
There appears  t o  antenna towards t h e  ear th  r ece iv ing  antenna. 

be f o u r  p o s s i b i l i t i e s :  
gyroscope s t a b i l i z a t i o n ,  and e a r t h  sens ing .  

A .  Manual Scannina 

manual szannirig, monopulse t r a c k i n g ,  

I n  t h i s  approach an ear th-based o p e r a t o r  would have 
c o n t r o l  over  t h e  LRV antenna p i t c h  and roll a t t i t u d e  v i a  t h e  
cont inuous upl ink  voice  channel. T h i s  o p e r a t o r  would a l s o  
be able t o  monitor t h e  received TV s i g n a l  s t r e n g t h .  By com- 
manding p i t c h  and/or r o l l  r a t e s  and no t ing  t h e  t i m e  of t h e  
maximum s i g n a l  l e v e l ,  t h e  ope ra to r  could s p e c i f y  t h e  proper  
antenna gimbal angles .  Indeed ,  t h i s  scheme w a s  proposed fo r  
t h e  ope ra t ion  of an unmanned Rover ( w h i l e  it w a s  s t a t i o n a r y  
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between s t e p s  o f  movement). The problem here i s  t h e  de lay  
t i m e  i n  t h e  l 0 0 p . ~  
equipment process ing  t i m e  give a loop de lay  of approximately 
3 seconds and t h i s  i s  t o o  long r e l a t i v e  t o  t h e  LRV a t t i t u d e  
dynamics. I t  would l ead  t o  an  uns t ab le  loop. 

T h i s  scheme might s t i l l  be v i a b l e  i f  it produced TV 
r e c e p t i o n  dur ing  a g r e a t e r  p a r t  of  t h e  LRV t r a v e r s e  and t h e  
i n t e r r u p t i o n s  w e r e  of a momentary na tu re .  Unfortunately t h i s  
i s  n o t  the case. I n  o r d e r  t o  synchronize t h e  video s i g n a l s  
as genera ted  on t h e  LRV w i t h  those used i n  t h e  commercial TV 
networks,  the  rece ived  s i g n a l  i s  stored on a t ape  r e c o r d e r ,  
and then ( v i a  a v a r i a b l e  length of t a p e  loop)  i s  t ransfer red  
t o  a second t a p e  recorder which i s  run i n  synchroniza t ion  w i t h  
t h e  network s i g n a l s .  T h e  loss of t h e  rece ived  s i g n a l  causes  
both of t h e s e  video recordeEs t o  lose t h e i r  ras ter  and frame 
synchroniza t ion  which could take 1 0  sec. t o  reestablish. (Th i s  
adds up t o  20 seconds because t h e  f irst  recorder must reestablish 
i ts /  synchroniza t ion  be fo re  it can synchronize t h e  second 
r e c o r d e r . )  There i s  an a d d i t i o n a l  de lay  of  up t o  1 0  seconds 
i n  t h e  synchroniza t ion  of t h e  magnetic d i s c  used i n  t h e  
( s e q u e n t i a l  to p a r a l l e l )  color conve r t e r .  Thus t h e  momentary 
loss of s i g n a l  can lead  t o  a 30 second de lay  i n  t h e  recovery 
of t h e  TV p i c t u r e .  
manual r eacqu i r ing  of the  antenna,  w e  are l e f t  w i t h  a very l o w  
duty  cyc le  of TV r ecep t ion ,  and on t h e  whole, an unacceptable  
s i t u a t i o n .  

The propagation de lay  and t h e  e a r t h -  

When w e  f u r t h e r  cons ide r  de l ays  i n  t h e  

B.  Monopulse Trackinq 

The ear th-based antenna i s  sending a continuous rf 
s i g n a l  t o  t h e  LRV high ga in  antenna dur ing  t h e  TV t ransmiss ion .  
If t h e  LRV antenna could t rack t h i s  s i g n a l ,  it would auto- 
m a t i c a l l y  be directed towards t h e  e a r t h  r e c e i v i n g  antenna. 
And t h i s  has  been done be fo re  on the Apollo program; both t h e  
CSM h igh  gain and t h e  LM steerable antennas w e r e  converted i n t o  
( s e q u e n t i a l )  monopulse t r ack ing  systems. The s e r e n d i p i t y  here 
was t h e  method used t o  de r ive  t h e  c i r c u l a r  p o l a r i z a t i o n  of t h e  
r f  s i g n a l .  The CSM antenna cons i s t ed  of fou r  horns and f o u r  
d i s h e s  from which it w a s  r e l a t i v e l y  easy  t o  d e r i v e  t h e  r i g h t -  
l e f t  and up-down error s i g n a l s  for  t h e  s t e e r i n g  se rvos .  T h e  
LM antenna used fou r  d i p o l e s  i n  f r o n t  of a s p l a s h  p l a t e ;  i t  
w a s  only necessary t o  notch t h e  s p l a s h  p l a t e  i n t o  quadrants  
t o  derive t h e  s t e e r i n g  s i g n a l s .  Unfor tuna te ly ,  t h e  LRV h igh  
ga in  antenna uses  a more d i r e c t  approach; it uses  a c o a x i a l  
feed i n t o  a he l ica l  wrap t o  generate  t h e  c i r c u l a r l y  p o l a r i z e d  
rf s i g n a l .  With t h i s  arrangement there i s  no easy  way t o  
gene ra t e  t h e  two-dimensional e r r o r  s i g n a l s .  There  a r e ,  of 
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course, o t h e r  (and o l d e r )  ways of  des igning  a t r a c k i n g  
radar - - for  example, c o n i c a l  scan--but t h e s e  would so modify 
t h e  h igh  ga in  antenna t h a t  no f u r t h e r  cons ide ra t ion  w i l l  be 
given t o  them he re in .  

C.  Gyroscope S t a b i l i z a t i o n  

I n e r t i a l  s t a b i l i z a t i o n  of t h e  antenna a x i s  i s  a 
p o s s i b i l i t y  due t o  t h e  slow r o t a t i o n  of t h e  l i n e  of s i g h t  
between t h e  moon and t h e  ear th ;  t h i s  l i n e  of s i g h t  rotates  
360' i n  28 days or about 0.5'/hr. Since t h e  r e c e i v i n g  
antenna can be any p l ace  wi th in  t h e  e a r t h  image (due t o  t h e  
r o t a t i o n  of  t h e  e a r t h  about i t s  own a x i s ) ,  w e  must cons ide r  
t h e  p o s i t i o n i n g  of t h e  e n t i r e  2' e a r t h  image wi th in  t h e  
f2.5 '  antenna beamwidth. A centered  image w i l l  move t o  t h e  
edge of t h e  beam i n  (2.5 - 1) /0 .5  or  3 hours.  This in-beam 
p o i n t i n g  du ra t ion  could be doubled t o  6 hours i f  t h e  i n i t i a l  
p o s i t i o n i n g  of t he  e a r t h  image w e r e  a t  t h e  oppos i t e  edge of 
t h e  beam. 

This  edge p o s i t i o n i n g  of t h e  e a r t h  image could be 
done a s  fol lows.  Assuming t h a t  t h e r e  i s  a manual alignment 
of t h e  antenna towards t h e  e a r t h  v i a  an o p t i c a l  s i g h t ,  w e  
need a 2.5' r e t ic le ,  t h a t  i s ,  a c i rc le  w i t h i n  t h e  s i g h t  which 
shows t h e  l i m i t s  of a f2.5 '  cone around t h e  o p t i c a l  (and 
antenna)  ax is .  The ques t ion  then i s  a t  which angle  a long 
t h i s  re t ic le  should t h e  e a r t h  image be pos i t i oned .  
can be prelaunch c a l c u l a t e d  on t h e  b a s i s  of t h e  launch d a t e  
and t h e  coord ina tes  of t h e  landing s i t e .  E i t h e r  t h e  astro- 
nau t  must be a b l e  t o  estimate l o c a l  v e r t i c a l ,  or  t h e  LRV must 
be brought  t o  an almost h o r i z o n t a l  a t t i t u d e .  Also a c o r r e c t i o n  
must be made f o r  t h e  i n d i c a t e d  heading, read  on t h e  LRV NAV 
system. There are no seve re  requirements on t h e  accuracy of 
t h i s  reticle angle  s i n c e  90 percent  of t h e  in-beam dura t ion  i s  
a v a i l a b l e  f o r  re t ic le  angles  wi th in  225' of t h e  nominal value.  

This angle  

These in-beam po in t ing  d u r a t i o n s  of 3 o r  6 hours are 
compatible wi th  the t y p i c a l  t r a v e r s e  d u r a t i n n s  nf 2.5,  4 , 8  and 
5.6 hours.' 
p o i n t i n g  of  t h e  antenna a t  each sc i ence  s t o p  and t h e  longes t  
t r a v e r s e  t i m e  between s t o p s  is  less than one hour (56 min.) . 
However, w e  have n o t  y e t  considered gyro d r i f t .  With a gyro 
d r i f t  rate as l i t t l e  as O. lO/h ,  t h e  in-beam p o i n t i n g  du ra t ions  
would be reduced by 0.1/0.5 o r  20 pe rcen t .  I f  t h e  i n e r t i a l  
rate of 0.5'/h could be completely accounted f o r  and t h e  in-  
beam p o i n t i n g  du ra t ion  requirement w a s  only one hour ,  t h e  
allowable gyro d r i f t  would be (2.5 - 1) o r  1.5'/h. The 
compensation of t h e  i n e r t i a l  ra te  would complicate  t h e  system 

I n  f a c t ,  t h e  p r e s e n t  p l ans  c a l l  f o r  a manual 
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i n  t h a t  it would have t o  be reso lved  o n t o  the  LRV p i t c h ,  
yaw and r o l l  axes;  t h i s  complete coord ina te  conversion 
system makes the gyro s t a b i l i z a t i o n  concept  u n a t t r a c t i v e .  

A l o g i c a l  choice f o r  t h e  mounting of t h e  gyro is 
on t h e  antenna: it i s  t h e  device which should have t h e  f i x e d  
i n e r t i a l  o r i e n t a t i o n ,  T h i s  approach would, of course ,  i n c r e a s e  
t h e  swiveled mass, e n l a r g e  t h e  gimbal system, and complicate  
t h e  power and s i g n a l  f l o w  across  t h e  gimbal p o i n t s .  A remote 
mounting of t h e  gyro,  s a y ,  on t h e  LRV chassis,  might reduce 
some of  t h e s e  problems, b u t  i t  would in t roduce  other  problems, 
such as t h e  mounting of r e s o l v e r s  on the gimbal p o i n t s  t o  
measure and reproduce t h e  angles measured between t h e  gyro 
and t h e  LRV chassis. 

From t h e  foregoing comments it appears  t h a t  a gyro 
s t a b i l i z e d  antenna i s  f e a s i b l e ,  b u t  it would r e q u i r e  more 
d e t a i l e d  cons ide ra t ion  t o  eva lua te  such parameters a s  a s i n g l e  
two-degree of freedom gyro vs. t w o  s i n g l e  degree of freedom 
gyros ,  gimbal mounted vs. remote mounted, e tc .  I t  does appear 
t h a t  a reasonably good gyro i s  necessary ,  and i n  o rde r  t o  g e t  
a small  s i z e ,  it w i l l  be expensive. I t  is  these cost and 
weight  t r ade -o f f s  which cause u s  t o  proceed t o  t h e  eva lua t ion  
of an e a r t h  senso r .  

D. E a r t h  Sensing 

There are several advantages i n  t h e  use of an earth 
sens ing  device.  I t  i s  completely automatic  and does no t  
r e q u i r e  an earth-based teleoperator. I t  i s  not  affected by 
t h e  geometr ic  l i b r a t i o n  of the  moon which can cause t h e  z e n i t h  
angle  of t h e  ear th  t o  vary by f8' i n  both l a t i t u d e  and 
1 0 n g i t u d e . ~  I t  is  not  s u b j e c t  t o  gyro- l ike  d r i f t .  
n u l l  seeking  system and i t s  output  i s  a direct  measure of t h e  
d e s i r e d  q u a n t i t y ,  namely, earth p o i n t i n g  errors. I t  i s  second 
only t o  t h e  monopulse t r a c k i n g  system i n  t h i s  regard .  

antenna,  p a r a l l e l  t o  t h e  antenna a x i s .  I t  would g ive  a two 
dimensional measure of t h e  p o s i t i o n  of t h e  e a r t h  image e i t h e r  
by fou r  s e p a r a t e  outputs  or by t w o  d i f f e r e n t i a l  ou tpu t s ,  
depending on t h e  phys ica l  d e t a i l s  of  t h e  senso r  used. I n  
e i t h e r  case, or thogonal  s i g n a l s  would be a v a i l a b l e  f o r  up- 
down and l e f t - r i g h t  co r rec t ion .  These s i g n a l s  would be f ed  
t o  the  p i t c h  and yaw gimbals,  t he  motion of  which would cause 
t h e  s i g n a l s  t o  go t o  zero. I t  should be noted t h a t  no 
coord ina te  conversion i s  necessary and even o r thogona l i ty  

I t  is a 

The earth senso r  would be mounted on t h e  gimballed 
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I N I T I A L  

90' 
91' 
77' 
84' 

of t h e  gimbal axes i s  n o t  r equ i r ed  because t h e  error s i g n a l s  
w i l l  only go t o  zero when t h e  e a r t h  image is cen te red  on t h e  
sensor .  Any non-orthogonal i ty  of  t h e  gimbal axes (due t o  t h e  
o r i e n t a t i o n  between t h e  LRV and t h e  e a r t h )  would only change 
t h e  s e n s i t i v i t y  of t h e  se rvo  loop. S e n s i t i v i t y  c o r r e c t i o n  
could be der ived  from t h e  gimbal ang le s ,  b u t  it probably w i l l  
n o t  be necessary  f o r  t h e  expected gimbal angle  range of f30°.  

FINAL 

36 O 

4 4 '  

2 4 O  

31' 

One problem w i t h  an e a r t h  senso r  i s  t o  keep i t  from 
respons ing  t o  the  r a d i a t i o n  from t h e  sun. A program w a s  
w r i t t e n  t o  c a l c u l a t e  t h e  sun-ear th  angle  as seen from t h e  
moon as a func t ion  of t h e  sun e l e v a t i o n  angle  a t  any s p e c i f i e d  
l u n a r  si te.  Assuming a minimum sun angle  of 5" a t  LM landing  
and a minimum pos t l and ing  checkout t i m e  of  f o u r  hours ,  t h e  
sun rate of 0 .5  ' /hr g ives  an i n i t i a l  sun angle  of 7' fo r  t h e  
s t a r t  of t h e  f i rs t  t r a v e r s e .  With a maximum landing  sun angle  
of 23' and a maximum s t a y  t i m e  o f  6 8  hours (less s i x  hours for  
l i f t o f f  p repa ra t ion )  t h e  f i n a l  sun angle  of 54' w a s  used f o r  
t h e  end of t h e  l a s t  t r a v e r s e .  Table I1 gives  these i n i t i a l  
and f i n a l  sun-ear th  ang le s  for  Apollo 16  and 17  s i tes ;  t h e  
Apollo 15  s i te  and t h e  a l t e r n a t e  s i t e  fo r  Apollo 1 7  are a l s o  
shown f o r  r e fe rence .  

TABLE I1 

SUN TO EARTH ANGLE AS SEEN ON THE MOON 

NAME 

~~ ~ ~~ 

Hadley 
Descartes 
Alphonsus 
Davy Rille 

APOLLO 

# 

15 
16 
1 7  

1 7  alt 

LANDING 

DATE 
~ ~ ~~ 

7/30/71 
3/22/72 

12/14/72  
12/14/72  
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I t  i s  seen i n  T a b l e  I1 t h a t  t h e  minimum sun-ear th  
ang le  is  2 4 O .  Therefore ,  t he re  should be a sun shade t o  
a t t e n u a t e  r a d i a t i o n  20' o f f  t h e  o p t i c a l  a x i s .  This sun 
shade w i l l  probably t a k e  t h e  f o r m  of b a f f l e s  i n  t h e  tube  
l ead ing  t o  the  earth sensor .  While t h i s  might r e q u i r e  some 
care i n  t h e  b a f f l e  des ign ,  it leaves a comfortable margin 
f o r  t r a n s i e n t  e r r o r s  wi thout  worrying about  sun cap tu re  o f  
t h e  antenna p o i n t i n g  system. S t i l l ,  t h e  earth senso r  must 
su rv ive  direct  p o i n t i n g  towards t h e  sun. 

I f  t h e  sun senso r  operated i n  t h e  i n f r a - r e d  reg ion  
of the spectrum, t h e  ear th  image would t end  t o  be c i r c u l a r  
independent of t h e  p o s i t i o n  of t h e  sun. But t h e  s p e c t r a l  
i r r a d i a n c e  ( w a t t s / c m  / P I  i n  t h i s  s p e c t r a l  reg ion  would g i v e  
less s i g n a l  energy t h a n  t h a t  i n  the v i s i b l e  region.  

2 
5 

I n  t h e  v i s i b l e  regdon, t h e  image of t h e  sun- 
i l l u m i n a t e d  ear th  i s  c r e s c e n t  shaped, and w i t h  a 20' sun- 
ear th  angle ,  only about 5 percent  of earth image would be 
i l l umina ted .  Since t h e  v i s ib l e - r eg ion  ear th  senso r  w i l l  
c e n t e r  on t h i s  c r e s c e n t  image and t h e  ear th  r e c e i v i n g  
antenna could be on t h e  f a r  side of  t h e  e a r t h ,  t h e  antenna 
p o i n t i n g  error, o r  b i a s ,  could be as much as 2 O .  However, 
t h i s  i s  wi th in  t h e  f2 .5  beamwidth of  t h e  high ga in  antenna. 

A t  t h e  other  extreme of a 90' sun-ear th  angle  
( T a b l e  11) about h a l f  t h e  earth image would  be i l l umina ted .  
The e a r t h  s h i n e  on t h e  moon f o r  t h i s  case i s  2 . 8  lumens/m 
w h i l e  it i s  less than 0 . 2  lumens/m2 f o r  a 20'  c r e scen t .  
T h i s  p r e s e n t s  an i l l umina t ion  range a t  l eas t  1 4 : l .  T h i s  
may exceed t h e  dynamic range of an otherwise accep tab le  
sensor.  I f  so, t h e  fol lowing t h r e e  p o i n t s  should be con- 
sidered: t h e  e n t i r e  range from 20'  t o  9 0 °  w i l l  n o t  occur  
on any one mission (Table 11) and a prelaunch adjustment 
might set an ir is  diaphragm t o  a mid-posi t ion;  t h e  astro- 
xauts cculd  set t h e  ir is  t o  i! p r e c a l c u l a t e d  value before 
each EVA; and f i n a l l y  t h e  ir is  could be au tomat ica l ly  
a d j u s t e d  (an e lectr ic  e y e ) .  

2 

The earth sh ine  numbers of t h e  previous paragraph 
w e r e  taken f r o m  Reference 6 and are traceable back t o  a 
1963 i s s u e  of  t h a t  r e f e r e n c e ,  T h i s  probably prec ludes  an 
exper imenta l  basis f o r  t h e  numbers and b e t t e r  data should 
be a v a i l a b l e  now. One should a l so  be concerned about t h e  
effects of cloud cover. I t  would seem t h a t  a 20'  c r e s c e n t  
could have a f a i r  p r o b a b i l i t y  of very l o w  cloud cover f o r  
reasonably pe r iods  of  t i m e ;  t h i s  would f u r t h e r  reduce t h e  
minimum level  of e a r t h  sh ine .  
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Depending on t h e  s i z e  and a o n f i g u r a t i o n  of t h e  
e a r t h  senso r  s e l e c t e d  and t h e  level of earth s h i n e  a v a i l a b l e ,  
it may n o t  be necessary  t o  use an o p t i c a l  l e n s  system. The 
e a r t h  senso r  might be mounted i n  t h e  base of a tube  w i t h  
b a f f l e s  t o  exclude sun l i g h t .  The manual p o i n t i n g  of t h e  
antenna (which may be necessary only once f o r  t h e  e n t i r e  
mission t o  e s t a b l i s h  i n i t i a l  al ignment) may be done by 
s i g h t i n g  along t h e  t u b e ,  by use of a gun s i g h t  a t t a c h e d  t o  
t h e  tube ,  o r  by use of t h e  AGC meter r ead ing  o f  r ece ived  
s i g n a l  s t r e n g t h .  I t  should be noted  t h a t  t h i s  manual p o i n t i n g  
is  only  t o  g e t  w i t h i n  t h e  capture  range of t h e  e a r t h  sensor ;  
t h e  system i t s e l f  w i l l  proceed wi th  i t s  own f i n e  alignment.  
T h i s  would seem t o  be ample j u s t i f i c a t i o n  t o  remove t h e  tele- 
scope which i s  now p r e s e n t  for manual alignment of t h e  antenna 
a t  each sc i ence  s t o p .  
i n c r e a s e  of t h e  continuous coverage system. 

A s tudy  w a s  made of  t h e  dynamics of  t h e  se rvo  loop 
f o r  an earth senso r  ~ y s t e m . ~  I t  w a s  found t h a t  t h e  a t t i t u d e  
angles  and angular  rates presented no d i f f i c u l t i e s  and t h e  
main d i s tu rbances  were caused by LRV a c c e l e r a t i o n s  a c t i n g  on 
t h e  c.g. o f f s e t  of t h e  swiveled mass. These e f f e c t s  could 
be g r e a t l y  reduced by balancing the antenna,  b u t  such a system 
would tend t o  d r i f t  o f f  a x i s  when power i s  completely removed. 
An unbalanced system w i t h  mechanically locked bea r ings  has t h e  
advantage of r e q u i r i n g  no stand-by power. 

T h i s  would h e l p  t o  o f f s e t  t h e  weight 

I X .  PENDULUM SYSTEM 

One approach which we had no t  considered before 
accep t ing  t h e  ear th  senso r  approach i s  t h e  use of a pendulum 
f o r  local  ve r t i ca l  o r i e n t a t i o n  coupled w i t h  a heading cor- 
r e c t i o n  der ived  from t h e  LRV Navigation System. A manual 
adjustment  of the antenna b a l l  j o i n t  would direct  t h e  antenna 
toward t h e  ear th ,  thereby e s t a b l i s h i n g  t h e  i n i t i a l  v e r t i c a l  
o r  z e n i t h  angle  of  t h e  earth.  T h e  combination of t h e  
pendulum-supplied local v e r t i c a l  o r i e n t a t i o n  and t h e  el imina-  
tion ef t he  effects of heading changes v i a  t n e  azimuth d r i v e  
u n i t  would keep the antenna pointed toward t h e  earth for  any 
LRV a t t i t u d e .  

I It  should be noted t h a t  t h i s  system uses  t h r e e  
gimbals: t w o  on t h e  pendulum support  fo r  local  v e r t i c a l  and 
one between the pendulum s h a f t  and antenna f o r  heading cor- 
r e c t i o n s .  Fu r the r  t h i s  p a r t i c u l a r  set  of gimbals f o r  azimuth 
and e l e v a t i o n  leads t o  g r e a t e r  gimbal movement f o r  t h e  nea r -  
z e n i t h  earth o r i e n t a t i o n  than  would, s a y ,  t w o  gimbals f o r  
p i t c h  and r o l l  angles .  
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I t  appears  t h a t  t h e  pendulum system would i so la te  
t h e  antenna from t h e  dynamic a t t i t u d e  changes of t h e  LRV 
and would coun te rac t  gene ra l  l u r a i n  s l o p e s .  The rea l  shor t -  
coming, however, i s  t h a t  it would conver t  LRV a c c e l e r a t i o n s  
i n t o  antenna p o i n t i n g  e r r o r s .  By d e f i n i t i o n ,  t h e  pendulum 
cannot be supported a t  i t s  c.g. and any a c c e l e r a t i o n s  of t h e  
suppor t  p o i n t  act  as torques  on t h e  pendulum. For example, 
a 90' t u r n  w i t h  a 1 0 0 '  r a d i u s  a t  1 0  km/hr would g ive  a 
p o i n t i n g  e r r o r  of 9.3' for  1 7  seconds. A b rak ing  d e c e l e r a t i o n  
of 0.15 l u n a r  g ' s  would g ive  an error of 8 . 5 '  f o r  1 2  seconds,  
aga in  assuming 1 0  km/hr. T h e  system would restore i t s e l f  
a f t e r  these maneuvers, b u t  the coverage would no t  be 
1 0 0  pe rcen t .  

A novel use of the  pendulum system occurred t o  us 
as f o l l o w s .  By s tudying  t h e  dynamics of t h e  antenna po in t ing  
requirements  (by a f a i r l y  complete s imula t ion  of t h e  LRV 
dynamics and s t a t i s t i c a l l y  descr ibed  l u r a i n  roughness) ,  w e  
concluded t h a t  the  three sigma p o i n t i n g  angle  v a r i a t i o n s  w e r e  
comparable t o  t h e  antenna beamwidth. W e  examined a non- 
s t e e r a b l e  an tenna ,4  b u t  found t h a t  t h e  12' t o  1 4 O  e a r t h  
z e n i t h  angles  would r e q u i r e  azimuth c o r r e c t i o n  f o r  t h e  LRV 
heading. ( O f  course ,  t h i s  i s  p a r t  of t h e  pendulum system.) 
There w a s  s t i l l  t h e  10' t o  20' of gene ra l  s l o p e  t o  accommodate, 
and t h e  prospec t  of having t h e  a s t r o n a u t s  s t o p  t h e  LRV for  
manual antenna p o i n t i n g  each t i m e  there w a s  a gene ra l  s l o p e  
change looked t o o  u n a t t r a c t i v e  t o  pursue t h i s  approach f u r t h e r .  

But now consider t h e  fol lowing use of t h e  pendulum 
system. The i n i t i a l  a l i g n m e n t  would manually e s t ab l i sh  t h e  
proper  e l e v a t i o n  angle  of the antenna,  and t h e  antenna azimuth 
would be dr iven  f r o m  t h e  LRV NAV system. But t h e  pendulum would 
be ( e l e c t r i c a l l y )  locked i n  p o s i t i o n .  T h i s  would e l i m i n a t e  t h e  
d i s t u r b i n g  effects of  t h e  LRV t r a n s l a t i o n a l  a c c e l e r a t i o n s  b u t  
would d i r e c t l y  couple i n  t h e  LRV a t t i t u d e  changes as p o i n t i n g  
errors, hopefu l ly  r e s u l t i n g  i n  less than a beamwidth v a r i a t i o n .  
When there i s  a gene ra l  s l o p e  change and i n  t h e  absence of LRV 
maneuvers, one of the as t ronau t s  would e l e c t r i c a l l y  unlock t h e  
pendulum (from a but ton  on t h e  con t ro l  console)  u n t i l  t h e  
pendulum assumes a local v e r t i c a l  p o s i t i o n ,  and then he would 
e l e c t r i c a l l y  lock it again.  

This i s  a p r e t t y  f a r  o u t  scheme and i s  n o t  recommended 
because it s t i l l  does n o t  give 1 0 0  pe rcen t  coverage. 

X. SUMMARY 

With the  Apollo 15 mission now behind u s ,  w e  can see 
how i t s  o v e r a l l  success  may p resen t  P R  d i f f i c u l t i e s  i n  showing 
innovat ions  for  Apollo 1 6 .  Continuous TV coverage i s  one 
p o s s i b i l i t y ,  assuming t h a t  image motion and j i t t e r  do no t  negate  
any advantages.  
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The t w o  concepts of  real-time de termina t ion  of LRV 
track and real-time mission planning seem t o  be i r r e l e v a n t  
now. The preplanned traverses w i t h  s p e c i f i e d  sc i ence  s t o p s  
w a s  a p l an  and noth ing  more than t h a t .  The i n e v i t a b l e  
i n c r e a s e s  i n  t a s k  t i m e s  forced d e v i a t i o n s  from t h e  p l a n ,  
and t h e  a s t r o n a u t s  a t  t h e  scene w e r e  accepted as t h e  b e s t  
judges of t h e  l o c a t i o n s  t o  be used f o r  s c i e n c e  s t o p s .  

I t  appears t h a t  continuous coverage r e q u i r e s  a 
steerable h igh  ga in  antenna which i s  mounted i n  gimbal r i n g s .  
Manual scanning i s  o u t  because of t h e  t i m e  delays i n  t h e  loop. 
Monopulse t r a c k i n g  is  o u t  because of t h e  complexity it would 
in t roduce .  
approach b u t  it looks l i k e  i t  could get very complicated,  
expensive and heavy. While t h e  ear th  senso r  has some of t h e  
same drawbacks, a c a r e f u l  design w i t h  proven components and 
though t fu l  t r ade -o f f s  of var ious p o s s i b i l i t i e s  should lead 
t o  an optimum system. 

Gyro s t a b i l i z a t i o n  i s  probably an acceptab le  

A s  an i l l u s t r a t i o n  of t h e  l a s t  p o i n t ,  cons ide r  an 

The response t i m e  and t h e  torque 
unbalanced gimbal system driven by s t epp ing  motors through 
i r r e v e r s i b l e  gear t r a i n s .  
levels should be designed such t h a t  t h e  antenna remains 
locked t o  t h e  e a r t h  image f o r  t h e  expected ranges of LRV 
a t t i t u d e  changes and a c c e l e r a t i o n  i n p u t s .  Such a system 
would remain i n  lock without  any power when the  LRV i s  s ta-  
t i o n a r y ,  e i t h e r  a t  sc i ence  s tops  or between EVA'S.  The 
a s t r o n a u t s  would only have t o  (coarse) a l i g n  it af te r  LRV 
deployment. Given such a system, one might remove the omni 
system, s i n c e  continuous voice l i n k  would be a v a i l a b l e  v i a  
the  h igh  ga in  antenna. Removal of t h e  omni antenna could 
g ive  a weight s av ing  t o  offset  the  weight i n c r e a s e s  of t h e  
continuous system and it might be p o s s i b l e  t o  use t h e  rf 
a m p l i f i e r s  of t h e  omni system t o  i n c r e a s e  t h e  r a d i a t e d  power 
of t h e  high ga in  antenna,  t h u s  e f f e c t i v e l y  widening i t s  
beamwidth, o r  equ iva len t ly ,  reducing t h e  p o i n t i n g  requirements.  

There are EO basic reasons why s e v e r a l  of t h e  
d i scussed  schemes would no t  work. The e a r t h  sensor  system 
o f f e r s  t h e  p o s s i b i l i t y  of t r u l y  cont inuous coverage, minimum 
a s t r o n a u t  i n t e r f a c e  and e l i m i n a t i o n  of some o ther  systems 
( o p t i c a l  s i g h t  and omni a n t e n n a ) .  I t  must, however, su rv ive  
t h e  p re s su re  of cost ,  weight and schedule .  
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